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FL19 MEMS 411 Mechanical Engineering Design Project

Ice Cream Dispensing Machine
Within the constraints of a semester-long timeline and a $400 budget, our
group set out to design a semi-automated ice cream sundae making machine. Our
customer was Washington University in St. Louis’ Engineering Student Services,
whose office coordinates orientation for all incoming engineering students. A
sundae making machine would make an orientation dessert bar more interactive and
boost excitement for entering engineering school. With the previously mentioned
constraints, and the user in mind, the priorities of our design process were efficiency,
consistency, and simplicity.
The performance goals for this project were as follows: 1) a user can load
the entire machine in less than or equal to one minute, 2) a bowl of ice cream,
sauce, and toppings can be dispensed in less than or equal to thirty-five seconds,
and 3) the weight of finished bowls should be within ±10% of each other. The final
machine has three main components. Ice cream is dispensed via an acrylic tube,
3-D printed funnel, piston, and funnel cap that swivels open and closed. An acrylic
tube, 3-D printed funnel, stainless steel nozzle, and plug attached to a lever make
up the sauce dispensing mechanism. A prefabricated twist-release cereal dispenser
holds and distributes dry toppings. The three components were housed in and
supported by wire-frame storage cubes. The storage cubes are made by joining the
metal squares at the corners with snap-on fasteners so that the ice cream sundae
making machine is able to be disassembled and stored in compact form.
Upon testing, we met each performance goal, but struggled to reproduce our
initial success. In a future design iteration, we would redesign the ice cream
dispenser so that it does not involve a user pushing a piston to move the ice
cream, and we would create a better seal between the plug and funnel in the sauce
dispensing mechanism to prevent leakage.
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1

Introduction

Each August, Washington University in St. Louis (WashU) welcomes hundreds of new engineering
students to its McKelvey School of Engineering. Historically, during orientation activities, WashU’s
Engineering Student Services (ESS) serves dessert bars to the new students, where they must line up
and make their own desserts manually. To make the dessert bar more interactive and give students
a primer for what their engineering studies hold, we would like to introduce an ice cream sundae
making machine to the spread.
A semi-automated ice cream machine would allow students to customize their ice cream sundae
while observing the everyday mechanics required to create such a simple item. ESS would initially
take ownership of the machine once constructed, as their office facilitates engineering orientation
events. As such, faculty in ESS requested efficiency to be of paramount concern in the machine’s
design. It should have compartments for ice cream, sauces (such as hot fudge or caramel), and have
a modular attachment to dispense a variety of dry toppings. The machine would ideally be easy to
clean, assemble, and store. In addition to a few other requirements described in the report, creative
license was left to the engineering students within the constraints of the semester-long schedule and
a $400 budget.

2

Problem Understanding

After selecting the ice cream sundae making machine idea, the next step was to develop an
holistic understanding of the problem. We needed to become familiar with existing designs as well
as relevant patents, codes, and standards that could influence our design. We also interviewed
Engineering Student Services to identify their wants and needs for the products. The results of this
research are presented in this section.

2.1

Existing Devices

We found three existing products that were related to our concept of an ice cream sundae making
machine. The first product, and ice cream maker, includes easy-to-clean parts as well as condiment
containers that we found interesting. The second product is a commercial-grade hard ice cream
machine, which is relevant because we intend to serve hard ice cream.The third existing device we
found provides an idea of how to efficiently dispense toppings.

5

2.1.1

Existing Device #1: Cuisinart Ice Cream Maker

Figure 1: Cuisinart ICE-45 Mix It In Soft Serve Ice Cream Maker [1]

Description: The Cuisinart Ice Cream Maker is a soft serve ice cream maker that produces 1-½
quarts of ice-cream within 20 minutes. This device consists of a 1-½ quart freezer bowl with a
double insulated wall for evenly freezed soft serve ice cream. This product is designed to be easily
cleaned and is BPA free. The apparatus also includes 3 “condiment containers” for ice cream sundae
toppings and a “cone holder”. These containers are plastic and allows the user to see the toppings
inside of the device. A window on the top of the device allows users to watch the ice cream “freezing
process”. The base of this machine sits on rubber stoppers to ensure a non-slip grip for safety of
the machine and the user. A specification confirms that it is built to “North American Electrical
Standards”.
2.1.2

Existing Device #2: Hard Ice Cream Machine by Denshine

Figure 2: DENSHINE Commercial Desktop Ice Cream Making Machine [2]

Description: The Denshine Hard Ice Cream Machine is a stainless steel hard ice cream making
machine that is designed for commercial use. The stainless steel design for this product provides
durability and easy cleaning. This machine is equipped with “cold bridge technology”; this technology allows for minimal cold loss. The system is controlled by a microcomputer and operated
6

with a digital display. The machine consists of a large refrigeration cylinder and has the ability to
rapidly freeze the ice cream it produces. This rapid freezing results in 20L of ice cream per hour.
This product only includes the ice cream making design and there is no dispensary component for
additional toppings.
2.1.3

Existing Device #3: Triple Canister Dry Food Cereal Dispenser

Figure 3: Honey-Can-Do Triple Canister Dry Food Cereal Dispenser [3]

Description: This Triple Canister Dry Food Dispenser is a scratch-resistant, shatterproof, and
light-weight food storage container/dispenser. The design is commercial grade and stain-resistant.
The powder-coated steel is great for durability and easy to clean. This dual-functioning dispenser
preserves the freshness of dry food for up to 45 days and holds up to 17.5 ounces of dry food per
container. This dispenser is said to be perfect for cereal, candy, and granola. This item dispenses
1 ounce of dry food per twist of the knob; which also allows for portion control for a healthy living
style.

2.2

Patents

We researched patents to get a sense of which designs are protected under law and to serve as a
baseline from which to generate ideas.
2.2.1

Gumball Bank Dispensing Mechanism
(US 3937314)

Granted in 1976, this patent describes the mechanisms and structure behind a coin-operated
gumball dispensing machine. The mechanism of interest to this design project is the gumball
dispensing mechanism, as it can serve as a model for developing a topping dispensing mechanism.
Figure 4, below, shows an exploded view of the gumball dispensing mechanism. A user inserts a
coin and turns a dial on the front of the machine, thus rotating the coin and engaging a gear, which,
through a series of other gears, spins a plate with holes at prefabricated locations. The plate with
holes is resting on top of a chute through which the gumball will fall and reach the user. The plate
will rotate through a certain angle depending on how many times the user turns the dial on the
front of the machine. Whatever gumball or sundae topping is above the plate with holes will fall
through the hole and down the chute because of gravity, and gumballs or toppings will stop flowing
when the solid portion of the plate covers the dispensing area again [4].

7

Figure 4: Gumball Machine in “FIG. 1” and Exploded View of Gumball Dispensing Mechanism in “FIG. 2”

8

2.2.2

Automatic Ice Cream Scooper
(US 2009/0017149 A1)

Granted in 2009, this patent describes how to mechanically scoop and dispense frozen ice cream
from a cylindrical ice cream tub. The cylindrical ice cream tub is placed upside-down in the
machine, and a motor causes an angled slicer mounted on a plate to revolve around the tub and
extract ice cream. The slicer is angled upward and extends from the edge of the ice cream tub to
the center of the ice cream tub, such that one revolution of the slicer cuts out a uniform thickness
from the entire tub. The scooped ice cream is then dispensed via an exit chute. Once the slicer
blade rotates a full revolution, a cutoff blade is actuated to separate the ice cream from the slicer
blade. An ejector mechanism then maneuvers the cut ice cream to the exit chute which empties
into the ice cream receptacle waiting below. Figure 5 shows a macroscopic view of the cylindrical
ice cream tub vertically inserted into the scooping machine and the exit chute waiting below. The
counterclockwise arrow is below the scooping mechanism and indicates the direction of rotation.
Figure 6 shows a motor mounted below the cylindrical plate with the angled slicing blade mounted
on top, with the dispensing mechanism placed immediately below the cylindrical plate [5].

Figure 5: Macroscopic View of the Ice Cream
Scooping and Dispensing Machine

2.3

Figure 6: Motor Rotates an Angled Blade which
Scoops and Dispenses Ice Cream below the Plate

Codes & Standards

We also researched codes and standards which we would hold ourselves to follow as we considered
our design. Since this machine deals with food, safety is a top priority.
2.3.1

Manual Food and Beverage Dispensing Equipment
(NSF/ANSI 18 - 2016)

Materials must be chosen and manufactured “to prevent the harborage of vermin” and dirt
accumulation (p. 3). The system must be self-draining, and all food contact surfaces must be
9

able to be fully sanitized. Internal angles under 135 degrees in food zones must be smoothed out.
External corners must be sealed and smooth. Fasteners should be easily cleanable, not used in a food
zone, use no more than one locking washer, and expose no sharp points. Portable equipment cannot
weigh over 85 pounds. Connections on portable equipment cannot require tools to disassemble. For
refrigeration equipment, evaporator coils and refrigerant cannot touch food. Hot and cold stored
food must include an easily-readable device that shows air temperature in the compartment. For
our sundae-making machine, we will need to ensure that the compartments are easy to disassemble,
which includes making the fasteners simple. The internal angles and external corners will affect our
design of the machine’s casing. We will need to include a thermometer in the refrigerator and hot
chocolate sauce compartments of the machine [6].
2.3.2

Food Equipment Materials
(NSF/ANSI 51 - 2017)

Any materials used in a food zone, which is an area that will come into contact with food, cannot
in any way alter the food (e.g. color, taste, or odor) and cannot contain lead, arsenic, cadmium,
or mercury. Wood cannot be used in a food zone. If wood is used purely for structural purposes,
then it must be completely encapsulated to ensure no parts are exposed. If wood is used as a
decorative material, it must be sanded thoroughly and sealed properly. Wood cannot be used in
places where it could become moist or scratched. Materials must be smooth, corrosion resistant,
and easy to clean. Coatings can be used to aid in resisting corrosion. Organic coatings may be used
on materials in food zones (including splash zones), unless the surface will be used for cutting. For
our sundae-making machine, we will need to be intentional about the materials we choose for food
zones and for structural and decorative purposes. We will need to ensure that the material we use
for the casing is smooth and fully sealed. For food zones, we will need to choose food safe materials
that do not contain the chemicals stated above. If we choose to coat any materials that will be in
contact with food, we will need to use an organic coating and design those parts of the machine in
a way that does not result in the materials getting scratched [7].

2.4

User Needs

We interviewed six representatives from Engineering Student Services to brainstorm ideas for the
ice cream sundae making machine. At this point in the design process, all ideas were viable. We
identified a wish list versus a needs list, and got a sense of what kind of a product Engineering
Student Services envisioned and how we could fit that within the scope of this class.
2.4.1

Customer Interview

Interviewee: Kris Campa, Scott Crawford, Chris Kroger, Ron Laue, Melanie Osborn, and Kate
Whitaker
Location: Lopata 303, Washington University in St. Louis, Danforth Campus
Date: September 6th , 2019
Setting: The interview was conducted in the Engineering Student Services conference room with a
prepared list of questions. The interview took approximately 50 minutes to complete.
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Interview Notes:
What level of automation would be ideal for an ice cream sundae making machine? In other words,
how do you envision people using it (i.e. fully automated, or user pulls a lever to dispense, etc.)?
– We don’t want something fully automated; we would rather have a machine that is interactive
to allow for sundae customization. It would be nice to choose the exact amount of toppings
you want.
Would you be more interested in a machine that makes each person move their bowl down the line to
dispense each topping? Or would you like for all topping options to dispense from the same location
(so people wouldn’t have to move their bowl until their dessert is complete)?
– There is usually a large volume of people at the events where this machine could be used,
so we want to be able to move everyone through the line as quickly as possible. Having a
“one-stop shop” for the ice cream and toppings would probably be too slow, so an assembly
line approach is preferable. It might also be beneficial to have separate topping dispenser
attachments at the end of the line.
Our goal is to start with a simple yet elegant design, expecting that unforeseen challenges will present
themselves and make the project more complex. If we find these problems easy to solve, we will design
and build attachments for extra toppings. Do you have any comments on this design approach, and
if it is acceptable, what are your highest priority features to incorporate and what would you like to
have (but is not essential)?
– The machine definitely needs to be portable and easily set up and torn down. We also think
that the design needs to have two or more heated sauces and a variety of topping options.
Having more than one ice cream flavor option would also be essential.
Who would be assembling and storing the machine? What are some features that would make
assembly, take down, and clean up easy (i.e. weight, size, 1 person vs. 2 people)?
– Because WashU has a nebulous food contract with Bon Appetit, we don’t see this machine
being owned and operated by ESS. We would rather it be owned by a student group, such
as EnCouncil or Student Union. In terms of portability, it is okay if more than one person is
required to transport/set up the machine. Maybe you could make the design modular such
that each section can be stacked and placed on something like a service cart? Ideally, the
machine wouldn’t be massive, but we do have some extra space to spare if necessary. We
would also like the machine to be fairly easy to disassemble and clean.
What allergies should we consider when making this (nuts, dairy, gluten, etc.)? And do you have a
suggestion on how/if to accommodate these?
– Nuts are an absolute no - they are too much of a risk. We aren’t too concerned about
other allergies, but we would still like the toppings to be kept as separate as possible, just in
case. Other allergies, such as gluten- and lactose-intolerance, can be dealt with by the people
ordering food for the machine when the time comes.
Are there any aesthetic ideas you have for the design (i.e. can see the ice cream being made, WashU
logo, colors, etc.)?
– A transparent exterior to see inside the machine would be nice, both to pique the engineering
students’ interest and to make it easier to see what to clean. This also means that you should
probably stay away from messy toppings like fruit and whipped cream. A WashU logo would
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be nice and maybe naming the machine Lucy after Lucy Lopata, but you will need to check
with Alumni and Development to get permission. It might also be interesting to users to have
stickers on the machine that explain things such as what mechanical features it has, how they
work, and which engineering courses are relevant to certain processes.
Would you like progress updates on this project?
– Yes, please. When your group reaches milestones in the class’s schedule throughout the
semester, update our office.
2.4.2

Interpreted User Needs

We summarized the key points of our interview with Engineering Student Services by creating
a table of customer needs, presented in Table 1 below. The need number is for organizational
purposes only. The importance of each need is ranked on a 1 to 5 scale, where 5 represents a need
that absolutely must be met, and the importance of needs decreases incrementally from there.
Table 1: Interpreted Customer Needs

Need Number

Need

Importance

1
2
3
4
5
6
7

The machine is semi-automated/interactive
The machine is fast and efficient
The machine is portable
The machine is easy to set-up, tear down, and clean
The machine is easily stored
The machine has a large variety of options and settings
The machine avoids cross-contamination of food products unless desired by user
The machine materials are food safe
The machine is educational

5
5
4
4
3
5
3

8
9

2.5

5
2

Design Metrics

At this point in the design process, we created a list of metrics to which we would measure our
product. Table 2 identifies each metric, the customer need(s) the metric satisfies, as well as the
ideal and acceptable levels to evaluate the corresponding metric.
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Table 2: Target Specifications
Metric
Number

Associated
Needs

1

3,4

2
3

3,4,5
1,6,9

4

2,4

5

2

6
7

6
7,8

2.6

Metric

Units

Acceptable

Ideal

85

50

< 40
Neutral

< 20
Very Fun

< 10

<5

20

36

>3
B

>6
A

Total weight, according to NSlb
F/ANSI 18 - 2016
Total volume
ft3
Rating of “entertainment” by fo- avg. score
cus group
Maximum time taken to create a
min
sundae
Number of ice cream scoops tub of
integer
ice cream
Number of Toppings
integer
Food Safety Grading based on letter grade
FDA Food Safety Code

Project Management

The project began at the beginning of August and concluded around the end of November. The
main components of the project involved the design report and the prototypes. The Gantt chart in
Fig. 7 gives an overview of the project schedule.

Figure 7: Gantt Chart for MEMS 411 Senior Design Project
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3

Concept Generation

After customer interviews, the next step is developing the initial prototype design. This process
includes developing function trees, morphological charts, design options, and mocking up possible
components.

3.1

Mock-up Prototype

For our initial mock-up, we decided to test a gumball dispensing mechanism as a possible toppings
dispensing component. Images for this mock-up can be seen in Fig. 8 - 10.

Figure 8: Gumball
Dispensing Mechanism (1/3)

Figure 9: Gumball Dispensing
Mechanism (2/3)

Figure 10: Gumball Dispensing
Mechanism (3/3)

We also wanted to test an alternative toppings dispensing mechanism, which involved two concentric radial disks with matching hole cutouts. One disk would remain stationary while the other
rotated, starting and stopping the flow of toppings. The mock-up for this mechanism can be seen
in Fig. 11 - 12.

Figure 11: Radial Disc Dispensing
Mechanism: Closed (1/2)

Figure 12: Radial Disc Dispensing Mechanism: Open (2/2)
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3.2

How the Mock-up Influenced the Design

From the mock-ups of two potential topping dispensing mechanisms, we gained insight into the
design process and design challenges moving forward. Our ice cream sundae making machine will
consist of several sub-assemblies, so keeping our designs as simple as possible will be best for construction. Additionally, we will have to prototype each component of the machine, and eventually
test them with food.
For our first toppings dispenser mock-up, modeled after a gumball dispenser (Fig. 8 - 10), the
user will turn a knob which rotates a wheel with a slot for carrying toppings. The toppings will
fall into the slot when it is oriented upward, and will fall out into the user’s bowl when the slot
is pointing downward. We only included one slot in the mock-up, but adding more would fit the
customer’s need for efficiency. We also considered building a housing to enclose the wheel to prevent food from falling out of the slot before it reaches the bowl. This housing would require enough
tolerance such that the wheel could rotate freely, with no food slipping through prematurely. Since
we did not consider the housing and additional slot ideas until after our initial mock-ups, a key
takeaway is that we need to test each part of our machine before building the final prototype to
allow for unexpected obstacles and solutions.
For our second toppings dispenser mock-up (Fig. 11 - 12), smaller toppings (i.e. sprinkles) will use
gravity to fall onto a fixed plate with evenly-spaced holes. A second plate with the same hole pattern will rest directly beneath the first plate, and when it is rotated such that the holes are aligned,
the sprinkles will fall through to a waiting bowl below. We are unsure of what material we will use
to construct the discs and thus do not know if friction will critically effect operation. If it does, ball
bearings might be necessary in the design. Another design element we will have to address is how
the user will turn the discs to align the holes. The mock-up had the knob mounted on the front face,
but assuming that the sprinkles would load from the top, it would be unsanitary to have the user
reach underneath to turn the knob. Instead, we could design a lever that extends to the front of
the machine that the user could rotate, which turn the free plate. Another design idea is to have a
handle that the user squeezes, which would compress a spring that rotates the plates into alignment.

3.3

Functional Decomposition

Each of the critical functions for the ice cream sundae making machine have been complied into
a function tree, as seen in Fig. 13.
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1. Interfaces with surface/platform
2. Refrigerates ice cream
3. Ice cream dispenser interfaces with user
4. Scoops ice cream
5. Dispenses ice cream
6. Holds sauce(s)
7. Sauce dispenser interfaces with user
8. Heats sauce(s)
9. Dispenses sauce(s)
10. Holds topping(s)
11. Topping dispenser interfaces with user
12. Dispenses topping(s)
Ice Cream Sundae Maker

13. Machine interfaces with bowl
14. Ice cream component interfaces sauces component
15. Sauces component interfaces with toppings component
16. Topping dispensers interface with each other
17. Holds napkins
18. Dispenses napkins
19. Holds cutlery
20. Dispenses cutlery
21. Portable
22. Easily cleaned
23. Easily disassembled
24. Educational
25. Aesthetically pleasing

Figure 13: Function Tree for Ice Cream Sundae Maker
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3.4

Morphological Chart

From the function tree, we brainstormed possible component ideas that could satisfy the functional requirements of our machine. These ideas are represented on the following pages in Fig. 14
- 17.
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Figure 14: Morphological Chart for Ice Cream Dispenser (1/4)
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Figure 15: Morphological Chart for Ice Cream Dispenser (2/4)
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Figure 16: Morphological Chart for Ice Cream Dispenser (3/4)
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Figure 17: Morphological Chart for Dispenser (4/4)

21

3.5

Alternative Design Concepts

Using the component ideas for each critical function of our machine, each group member developed
a possible “all-up” design for the machine. These designs can be seen in Fig. 18 - Fig. 29.
3.5.1

Yikes! Scream Machine

Figure 18: Preliminary sketches of Yikes! Scream Machine Concept (1/1)
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Figure 19: Final sketches of Yikes! Scream Machine Concept (1/2)
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Figure 20: Final sketches of Yikes! Scream Machine Concept (2/2)
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Solutions from morph chart:
1. Rests on standard table
2. Linear/double-sided module layout
3. Lego-like connections between modules
4. Drawer freezer for ice cream
5. Gumball machine-like dispensing mechanism (for ice cream and toppings)
6. Crank handle for ice cream and topping dispensing
7. Galton Board with slot handles for topping dispensing
8. Galton Board for educational purposes
9. Piston-cylinder for sauce holding
10. Plunger for dispensing sauce
11. Heating element tip for warming sauce
12. Radial blade for ice cream scooping
13. Slotted ice cream dispensing plate
Description:
The machine is modular with each macro-component (ice cream module, sauces module, etc.)
being connected with Lego-like connectors. There will be four of these connectors at each corner
of the side faces of each module. The connected modules form a long machine, which can sit on a
standard folding table or any other sturdy, long table. The ice cream is stored in open drawers in an
integrated freezer. The user turns a crank, which rotates a vertical gear meshed with a horizontal
gear. This causes rotation of a blade located in the ice cream container of choice. The blade sits
in a hole in the ice cream dispensing plate, and as the blade-plate system rotates simultaneously,
ice cream coalesces on top of the plate. The walls in the ice cream dispensing plate guide the ice
cream to the opening, where it rolls down the plate and drops into the user’s bowl. The sauce
is held in a piston-cylinder that has an electrically-heated tip, and the user presses down on the
attached plunger to extract the sauce. The topping containers are arranged in the front and back
of the machine. From these containers, toppings are dispensed via two methods: cranks and Galton
Board slots. The cranks are similar to those used for ice cream dispensing, however they instead
rotate to open and close a plate at the bottom of the topping dispenser. This allows a small amount
of topping to fall into the user’s bowl. The Galton Board slot dispenser is an educational tool that
shows how randomly dropped toppings ultimately settle into a common bell curve distribution.
The linear slots are used to open each stage of the demonstration; the second slot opens and allows
toppings to fall into the user’s bowl.
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3.5.2

Gumball Modular

Figure 21: Preliminary Sketches of Gumball Modular Concept (1/2)

26

Figure 22: Preliminary Sketches of Gumball Modular Concept (2/2)
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Figure 23: Final Sketches of Gumball Modular Concept (1/2)
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Figure 24: Final Sketches of Gumball Modular Concept (2/2)
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Solutions from morph chart:
1. Ice cream component interfaces directly with sauces component
2. Toppings component is separate and modular to promote user efficiency
3. Guitar case-like latches attach the components to each other for easy assembly and take down
4. Gumball machine mechanism to dispense toppings
5. User turns a knob to dispense toppings
6. User turns a crank to dispense ice cream
7. An angled paddle scoops ice cream via a programmed track
8. A chute dispenses the scooped ice cream to the user’s bowl
9. Two walls move toward each other to dispense the sauce
10. A nozzle heated by a wire heats the sauce
11. Sauce is stored in a container with rigid walls
12. Ice cream is stored in a refrigerated boxed compartment
13. Unified latches and cranks are aesthetically pleasing
Description:
The two ice cream compartments and two sauce compartments are joined in a linear orientation
via latches on the top of the compartments. The latches allow the user to easily stack individual
components when not in use. There are four toppings compartments that fit together with the
same latches to form a circle. This module is separated from the main module with ice cream and
sauces.
The toppings containers sit atop a lazy Susan that the user can spin to position a particular
topping over the ice cream bowl. Once the bowl and topping dispenser are in place, the user turns
a knob on the front of the dispenser which causes a wheel to turn and toppings to spill out from
a chute over the bowl. The wheel has two slots, positioned opposite each other, so that the user
need only rotate the wheel half a turn to get toppings. The wheel loads via gravity from the top
and travels in a housing with an opening over the delivery chute.
For the ice cream dispensing mechanism, the user places their bowl on a marked spot below the
ice cream dispensing chute. Turning a crank on the front of the machine initiates a paddle mounted
on a track to traverse the length of the ice cream carton. When the paddle reaches the end of the
container, the scooped ice cream rolls into a slide that channels the ice cream toward the waiting
bowl below. A motor causes the paddle to return to the back of the carton and a program will
cause the paddle to move over one paddle width, until the user turns the crank on the front of the
machine to initiate another scoop. Once the paddle covers the entire area of the ice cream carton,
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it moves down by the thickness of one ice cream scoop, ready to complete its cycle again.
Lastly, the sauce is placed in a commercial-sized bag in a rectangular compartment. The top of
the bag is secured to the lid of the sauce compartment so it does not fall. To dispense sauce, the
user turns a crank on the front of the machine which actuates a leadscrew mounted to the two walls
of the sauce compartment, squeezing them together. Since the bag is sealed from the top, the sauce
squeezes out of a nozzle on the bottom of the machine and onto the waiting ice cream bowl. The
nozzle is wrapped with a hot wire to heat the sauce as it flows. The wire and nozzle is encased to
reduce the risk of injury.
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3.5.3

Levers & Leadscrews

Figure 25: Preliminary Sketches of Levers & Leadscrews Concept (1/1)
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Figure 26: Final Sketches of Levers & Leadscrews Concept (1/2)

33

Figure 27: Final Sketches of Levers & Leadscrews Concept (2/2)
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Solutions from morph chart:
1. Refrigerates ice cream with simple ice cube freezer
2. Radial ice cream scooper with leadscrew
3. Ice cream dispenses by moving leadscew along track
4. Components attach with velcro and wooden support structure
5. Topping Dispensers are rectangular and modular
6. Dispenses toppings with lever
7. Sauces are dispensed with a piston system
8. Coil heated tip for sauce
Description:
The ice cream tub is placed in a simple bucket of ice cubes. A scraper and a scoop holder are
welded to a leadscrew, located above the ice cream tub. When the user turns a crank on the exterior
of the machine, the leadscrew rotates and causes the scraper to radially scrape against the ice cream
surface. The scoop holder hovers just above the surface, so as to not touch the ice cream surface but
still catch the scoop. Once a full scoop is formed, the user turns the crank in the opposite direction
to move the scoop above the ice cream tub. The user then flips a switch to move the leadscrew unit
along a track towards the bowl. Once the scoop is located above the bowl, the leadscrew gently
taps against a block, causing the scoop to fall into the bowl.
For the sauce component, the user pulls up on a lever, which pushes down on a piston filled with
sauce. As the sauce gets pushed through the funnel at the bottom of the piston, it is warmed by
heated coils at the funnel tip.
The toppings component is separated. Three rectangular containers with different toppings, sit
side by side on a table. The user pulls on levers (similar mechanism to those used in grocery store
bulk food dispensers) to release desired amount of toppings.
The housing of the ice cream and sauce components of the machine is transparent to educate
the user about the machine’s inner-workings. These components are also mounted on a backboard,
consisting of two thick pieces of wood, one of which is used as a surface for bowls to slide along.
The piece that contacts the bowls is covered by a thin sheet of aluminum to aid in cleaning and
sanitation. These two pieces of the backboard are connected by hinges, which allow the part to
be disassembled easily and stored in a smaller space. A shelf and wooden rods are used to help
support the ice cream and sauce components.
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3.5.4

Block Design

Figure 28: Preliminary Sketches of Block Design Concept (1/1)
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Figure 29: Final Sketches of Block Design Concept (1/1)
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Solutions from morph chart:
1. Refrigerates ice cream
2. Radial scooping blade
3. Upside-down ice cream scooping mechanism
4. Holds sauce in a plastic bag
5. Coil heated tip for sauce
6. Sauce bag twists to dispense
7. Holds toppings in a clear container
8. Dispenses toppings with a gumball crank and radial-hole plate
9. Slide bowl along table below dispensers
Description:
This block concept is a geometric design with user friendly dispensing mechanisms. The user
will be able to slide their bowl along the table below each dispenser and manually dispense each
topping. The first container is a refrigerated container that holds up to two ice cream flavors.
A radial scooping mechanism is mounted on the bottom of this first container, which turns in a
clockwise motion to create “rolls” of ice cream. The two sauce dispensers are manually twisted
from the top of their containing cylinders to squeeze the sauce toward the tip of the component; the
tip of each sauce container is heated with exhaust heat from the refrigeration unit. The toppings
are displayed in clear containers, each with a different dispensing mechanism; one topping uses a
gumball crank and the other topping uses a radial-hole plate connected to a crank on the front
panel. There is also a “drip” tray underneath the ice cream and sauce/syrup dispensers to aid with
clean-up.
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4

Concept Selection

After generating and testing ideas, the next step is to narrow these ideas down to a single design.
To aid in concept selection, we developed an analytical hierarchy process and weighted design
scoring matrix to compare ideas against each other and help meet the customer’s needs.

4.1

Selection Criteria

We discussed and agreed upon six criteria that were important to the customer as well as our
team. We then did pairwise comparisons between each criterion to evaluate how they ranked against
each other. This gave us a sense of each criterion’s overall importance to our project. As seen in
Fig. 30, ease of manufacturing and cost are the two most important factors to consider in our
design, followed by machine efficiency, cleanability, variety of food options, and portability. Since
this is only a semester project and our budget is $400, prioritizing the scope and budget to stay on
schedule will be critical to project success.

Figure 30: Analytic Hierarchy Process (AHP) to Determine Scoring Matrix Weights

4.2

Concept Evaluation

Once the relative weights of each criterion were established, each design concept generated in
Section 3 was rated on a 1-5 scale based on how well it met each criterion. A score of 1 meant the
design did a poor job of satisfying the criterion, while a score of 5 meant the criterion was fulfilled.
The ice cream cooling system, scooping and dispensing mechanisms, sauce holding, heating, and
dispensing mechanisms, as well as toppings holding and dispensing mechanisms were considered.
Overall machine cleanability and portability were also considered to make each rating holistic. The
results of this analysis are presented in the weighted scoring matrix, Fig. 33, below.
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Figure 31: Weighted Scoring Matrix (WSM) for Choosing Between Alternative Concepts

4.3

Evaluation Results

Using the analytical hierarchy process and the weighted scoring matrix, the concept that scored
the highest was the “Gumball Modular” design concept. In terms of portability, this concept tied
with the “Yikes! Scream Machine” concept (the reference concept), and scored lower than the
“Levers & Leadscrews” and “Block Design” concepts because the circular detachable toppings dispenser would not stack as neatly as the rectangular toppings dispensers of the other designs. The
“Gumball Modular” design won in terms of cleanability because all of the components are easy to
take apart and clean.
This concept took third place in the efficiency category because the ice cream scooping mechanism included a highly complex paddle and track design. Additionally, hard ice cream would force
the motor powering the paddle to work harder, burn out faster, and thus need to be replaced frequently. All of these factors decrease the efficiency of the machine. However, the simple leadscrew
mechanism to dispense sauce and the simple gumball-machine-like toppings dispenser increase the
efficiency of the sundae making process. The circular design for the toppings dispenser limits the
number of toppings available to the user, which is why this design concept did not score the highest
in the variety category. However, since variety of food options was a relatively lower priority, the
final result was unaffected.
This concept was also ranked as the second most expensive design to build, primarily because of
the scooping mechanism. Out of all the design concepts, the “Gumball Modular” was ranked the
easiest to manufacture, because aside from the track with the paddle to scoop the ice cream, the
rest of the parts are relatively straightforward compared to the other designs.
Although the “Gumball Modular” design concept scored the highest in the weighted scoring
matrix, it is not our final design. When we began initial proof-of-concept construction for the ice
cream scooping mechanism, we discovered that none of the initial designs were reasonable. We are
moving forward with an oversized ball bearing type scooping mechanism. Since no single design
ranked the best in all categories, our plan moving forward is to develop the highest-scoring parts
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of each design in order to strike an optimum balance between the customer’s most critical needs of
efficiency and cleanability, and our most critical needs of cost and ease of manufacturing.

4.4
4.4.1

Engineering Models/Relationships
Engineering Model 1: Deflection of a 2-Support System

Figure 32, on the following page, shows the first of our mathematical models. Because the
proposed scooping mechanism and the dispensing container are not connected, the weight of the
ice cream on the scooping mechanism would surely cause it to deflect away from the dispensing
container. This could result in leakage of ice cream. Therefore, we modeled a two-support system
to minimize the deflection of the scooping mechanism.
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Figure 32: Deflection of Scooping Mechanism in a Two-Support System
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In this model, the relevant variables are defined as:
• VIC is the volume of the ice cream/water jug [8]
• σyield is the yield stress of stainless steel 304 [9]
• Emin is the minimum Young’s Modulus in the range of values for stainless steel 304 [9]
• g is gravity
• θ is the angle between the supports
• ρIC,T is the conservative, typical estimate of density for ice cream [10]
• WIC is the weight of the ice cream
• F1 and F2 are the forces of each support
• d is the diameter of each support
• A is the cross-sectional area of each support
• L is the length of each support
• δ is the axial deflection of each support [11]
• δy is the deflection of each support in the y-direction
• σ is the stress of in each support
The dispensing mechanism was modeled as a common five gallon water jug and the supports were
modeled as 1/2” diameter, stainless steel (304) rods. Semi-arbitrary numerical values were selected
in order to produce clear results, however general equations were given for each critical variable such as the force of each support, the deflection of each support, and the stress in each support for possible future optimization.
The main assumptions made in this model are:
• The mass of the sphere/“ball bearing” is negligible compared to the mass of the ice cream.
• The dispensing mechanism (jug) is fully supported by other supports; therefore, the weight
of the jug does not rest on the sphere.
• The force applied to the ice cream to squeeze it into the scooping mechanism is fully supported
by the jug, and is therefore not “felt” by the sphere.
Taking a static equilibrium approach, the y-direction deflection of the support (and the scooping
mechanism) for this particular case was determined to be 0.0125 mm with no yielding in the
supports. Because this deflection is very small, we determined that a three-support system was
unnecessary, especially when considering the cost of stainless steel and our budget limitations.
Increasing the diameter of each rod to 1 inch would result in a y-direction deflection of 0.000128
mm, which is more than reasonable. This model will allow our group to decide what kind of material
and geometry will be required for supports, including those that might be less expensive and/or
stronger than stainless steel.
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4.4.2

Engineering Model 2: Energy Balance

In order to place the ice cream into the the scooping mechanism, we must have a system that
pushes the ice cream downward in the upper cylinder. There will be both angular and linear
translation that occurs. We may relate these two factors through an energy balance of forces
exerted on this dispensing mechanism by the leadscrew attached to the top lid of the ice cream
dispensing/storage cylinder.

Figure 33: Relationship Between Force, Torque, and Angular Motion for a Leadscrew

The main assumptions made in this model are:
• The force on the top of the container is exerted only in the y direction.
• We neglect energy lost due to friction. (η = 1)
From this model our group will be able to determine an applied torque and force on the ice cream
dispensing mechanism, and it will also help determine whether a leadscrew is a valid design option
for the final concept design.
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4.4.3

Engineering Model 3: Scooper Trigger

Figures 34 and 35, below, show an outline of a CAD model of the scooper trigger mechanism. The
design in this CAD model is based on ice cream scooper triggers that are already on the market,
which involve a curved piece attached at a pivot. When a force is applied at the furthest moment
arm from the pivot, a torque is applied to the curved piece, causing it to rotate and dispense the
ice cream. When the scooper is upside-down, the force from the trigger should be sufficient to eject
the ice cream from the scooper and into the bowl.

Figure 34: Outline of the Scooper with the
Trigger Unengaged

Figure 35: Outline of the Scooper with the
Trigger Engaged

Figure 36: Rendering of the Scooper and Trigger
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Sum of the moments about the pivot (in reference to Fig. 35, 34 and, 36):
ΣMpivot = FIC · a − P · b = 0

(1)

FIC · a = P · b

(2)

FIC · a
b
where P is the required force to overcome the weight of the ice cream in the scoop [N], FIC is
force applied to the scooper by the ice cream [N], a is the distance from the applied force to
pivot [m], and b is the distance from the pivot to the reactive force applied by the scooper onto
ice cream [m].
P =

(3)
the
the
the

To simplify the model, although the scooper is curved, we assume the force due to the weight of
the ice is applied to the scooper as though it were a flat lever arm. This model helps us make design
decisions moving forward because we are able to calculate how much force is needed and how long
the moment arm should be in order to dispense the ice cream with ease.
4.4.4

Engineering Model 4: Linear Motion of Ice Cream

The user will help actuate motion to push the ice cream down the storage container, through the
neck, and into the scooper. If we know the volume of the scoop to be dispensed, we can calculate
how far down the piston must move to fill the scooper. Figure 37, on the following page, shows a
schematic and calculations relating the distance the piston needs to move down to completely fill
the scooper with ice cream, to the radius of the scooper and the storage container. In the picture,
the storage container narrows before reaching its neck, but we are assuming this slope is negligible,
because it would only become relevant when the ice cream reaches that point in the container, and
the piston is a rigid body and will not deform to that shape. Additionally, when the ice cream
reaches that point, it will most likely be melted and need to be replaced with a fresh tub, further
justifying disregarding the taper of the container. This model will help with the design of both the
scooper and the ice cream storage container. If the ice cream needs to move down a large distance
to fill one scoop, a leadscrew might not be the best option to transmit the force to the piston.
Overhauling could become an issue.
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Figure 37: Hand Calculations to Determine Linear Displacement of Ice Cream to Fill Scooper

5

Concept Embodiment

After making mathematical models, mocking up ideas, and discovering problems while building,
we solidified an initial idea to develop. In this section, we present digital models of our planned
assembly, critical model-based design decisions, and performance goals. We then develop proofs of
concept and iterate our design to develop the initial prototype.

5.1

Initial Embodiment

The following section details computer-aided design visualization drawings, design decisions based
on our models, and our initial prototype performance goals.
5.1.1

Model Renderings: Prototype Assembly

Shown below is a list of figure/items in this section:
• Figure 38 is a three-view plus isometric drawing of the initial prototype.
• Figure 39 is a large isometric view of the initial prototype with a completed BOM.
• Figure 40 shows an exploded view of the Initial Prototype showing each component with a
balloon callout to the BOM in Figure 39.
• Figure 41 shows an exploded view of the Topping Dispenser with a balloon callout to the
BOM in Figure 39.
• Figure 42 shows an exploded view of the Syrup Dispenser with a balloon callout to the BOM
in Figure 39.
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Figure 38: Assembled Projected Views with Overall Dimensions
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Figure 39: Assembled Isometric View with Bill of Materials (BOM)
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Figure 40: Exploded View of Assembly with Balloons Pointing to Each Component
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Figure 41: Exploded View of Topping Dispenser Assembly with Balloons Pointing to Each Component
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Figure 42: Exploded view of Sauce Dispenser Assembly with Balloons Pointing to Each Component
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5.1.2

Model Renderings: Individual Components

Below in Table 3 is a list of all of the components used in the Initial Prototype. For clarity,
additional CAD drawings (Fig. 45 - 50) have been provided for some of the components.
Table 3: List of Individual Components

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Prototype Base
Ice Cream Dispenser Base
Ice Cream Cylinder
Syrup/Topping Mount Board
Ice Cream Plunger
Plunger Rod w/ Handle
Sauce Bottle
Sauce Dispenser Lever
Sauce Dispenser Nozzle
Sauce Front Bracket
Sauce Back Bracket
Sauce Dispenser Stopper
Sauce Dispenser Support
McMaster 5 in Spring - 9432K76
McMaster 7 in Spring - 9654K476
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16
17
18
19
20
21
22
23
24
25
26
27
28
29

Scooper
Scooper Trigger
Scooper Pin
Scooper Pole
Scooper Pole Knob
Topping Base
Scooper Support Ring
Scooper Base Pole
Topping Cylinder
Topping Knob
Topping Lid
Topping Gear
Front Plexi-Glass
Bolts - 91772A187

Figure 43: Drawing of the Prototype Base
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Figure 44: Drawing of the Topping Base
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Figure 45: Drawing of the Mounting Board for Syrup and Toppings

56

Figure 46: Drawing of the Ice Cream Dispenser Base
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Figure 47: Drawing of the Ice Cream Cylinder
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Figure 48: Drawing of the Ice Cream Plunger
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Figure 49: Drawing of the Scooper Support Ring
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Figure 50: Drawing of the Sauce Bottle
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B
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A

A

Figure 51: Drawing of the Scooper
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Figure 52: Drawing of the Trigger
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5.1.3

Model-Based Design Decisions

Model 1: Deflection of a Two-Support System
In this model, we determined that a two-support system is sufficient for carrying the weight of
the ice cream if 0.50” diameter stainless steel rods are used for the supports. Because we had to
scale down our scooping mechanism design to compensate for a smaller funnel mouth on the ice
cream dispensing mechanism, we also had to scale down the scooper support model. This meant
that smaller support rods, around 0.26” diameter, would be required. The readily available rods
were made of aluminum. From this model, two aluminum supports with 0.26” diameters subject to
the same load would result in a y-direction deflection of around 0.00897 mm with no yielding, as
calculated in Fig. 53, below. Although this deflection is negligible, the torsion experienced in the
aluminum rods while the user rotated the scooping mechanism in its supporting holder was quite
noticeable. We did not take this into account in the original model (as it would be negligible for
such thick stainless steel rods). Therefore, the two support model was still reasonable for y-direction
deflection in the Initial Prototype design. However, an additional aluminum supporting rod was
included to help limit the rotation of the supporting holder.
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Figure 53: Support Model Applied to Initial Prototype Design
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Model 2: Scooper Trigger
During our Proof-Of-Concept for the ice cream scooping mechanism, we found that the ice cream
inside of the scoop did not release from the scooper by gravity alone. We needed a trigger device
to break the seal between the ice cream and the scooper cup. This model shows the relationship
between the required force on the trigger Ftrigger , the suction force Fsuction , and the distances from
the pivot a and b. Figure 54 shows the calculations for the required trigger force. The main
assumption in this model is that the weight of the ice cream inside of the scooper is negligible
compared to the suction force. For our initial prototype, we attached a piece of foam to the scooper
support ring that applied a force to the trigger in hopes that this force would be enough to dislodge
the ice cream. We found that this was not sufficient, so we will need to take this into account in
the design of our final prototype.

Figure 54: Scooper Model Applied to Initial Prototype Design

Model 3: Linear Motion of Ice Cream
This model describes the relationship between the dimensions of the ice cream holder and how far
the piston moves down. This relationship is important to our design because it informs us about
how much each user will need to push the piston down to fill up a full scoop of ice cream. The ice
cream holder consists of a large tube that is attached to a wide-mouth funnel. We 3D printed a
plate to fit the diameter of the tube and tapped a 3/8” hole in its center, to which we connected
a 3/8” threaded rod. The plate and rod served as a piston that pushes the ice cream down into
a scooper at the opening of the funnel mouth. By equating the volume of one full scoop to the
volume of a cylindrical portion of the tube, we derived the following equation:
Vcup = Vcyl

(4)

1
4 3
∗
πr = (πR2 ) ∗ d
2
3

(5)
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where Vcup [in3 ] is the volume of the scooper (assuming it is a perfect semi-circle), Vcyl [in3 ] is the
volume of an arbitrary cylinder of ice cream inside of the tube, d [in] is the distance the piston
moves down, r [in] is the radius of the funnel mouth opening, and R [in] is the radius of the tube.
We solved for the required distance the piston would have to move down to fill up one scoop of ice
cream:
!
2r3
(6)
d=
3R2
For our initial prototype, we decided to attach a knob to the end of the threaded rod and simply
push down on the knob until the ice cream resisted any more motion. This resistance indicated
that the scooper was full. In the next prototype, we would like to include a device that measures
the distance the piston has moved. On this device, we would add tick marks that show how much
further the piston needs to be moved before the user can dispense his/her scoop of ice cream. This
would help minimize the possibility of a user applying too much force on the ice cream, as this
might break the scooper support. Based on the dimensions of the tube and funnel of our initial
prototype, we can solve for the piston distance:
d=

2 ∗ (0.8153 )
3 ∗ (2.942 )

!

≈ 0.042

(7)

This shows that the user would need to push the piston down ∼0.042 inches to completely fill up
the ice cream scooper.
5.1.4

Performance Goals

• Goal 1: One serving of ice cream, sauce, and toppings can be dispensed in less
than or equal to 35 seconds. Our machine achieved part of this goal in that the sauce and
toppings took little time to dispense (< 10 seconds). However, because the size of the funnel
on the ice cream dispenser was smaller than the dimensions displayed on its specification sheet,
we had to scale down the model of our scooping mechanism and trigger mechanism in order
to fit it into the smallest part of the funnel. Because we 3D-printed the trigger mechanism
with PLA, the scaled down version was less effective than the original version. Thus, the ice
cream stuck to the inside of the scooping mechanism and was not dispensed within the 35
second window. Because all other mechanisms worked, we are confident our machine would
successfully achieve this goal in full, given a redesign of the trigger mechanism.
• Goal 2: When entire ice cream tub is dispensed into separate bowls, weight of
bowls and ice cream is within ± 10 percent. During the demonstration, our machine
produced three bowls of ice cream, sauce, and toppings, which differed within the ± 10%
range by weight. Therefore, we successfully achieved this goal.
• Goal 3: One person can reload toppings, sauce, and ice cream in less than or
equal to 1 minute. We successfully achieved this goal in under 40 seconds during the
demonstration.
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5.2
5.2.1

Proofs-of-Concept
Images and Applications to Initial Prototype Design

The Proof-of-Concept of the ice cream scooping mechanism can be seen in Fig. 55.

Figure 55: Proof-of-Concept of Ice Cream Scooping Mechanism (in Motion)

As seen in Fig. 55 above, the user loads the ice cream into the ice cream holder, then squishes
the ice cream down the spout into the scooping mechanism. The scooping mechanism acts like a
ball bearing with a scoop-like divot to form scoops of ice cream. A metal rod connects to the center
of the scooping mechanism, allowing the user to rotate it.
During our experimentation with this device, we determined that a trigger would be necessary
to unstick the ice cream scoop from the scooper. This affected our Initial Prototype design as we
had to take into account how the trigger would sit in the scooping mechanism and how it would be
engaged during the scooping process. As seen in Fig. 52, we chose a J-trigger design that would be
engaged by natural collision with with support for the scooper.
The initial Proof-of-Concept of the sauce dispensing mechanism can be seen in Fig. 56 and 57:
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Figure 56: Proof-of-Concept of Sauce Dispensing Mechanism - Non-Engaged

Figure 57: Proof-of-Concept of Sauce Dispensing Mechanism - Engaged

The sauce dispensing mechanism was modeled after an existing liquid dispensing mechanism,
seen in Fig. 58 and 59. Because this design already existed, we only needed to modify it to fit
our needs. From our Proof-of-Concept, we determined that we needed a longer plunger (because
our mechanism would be deeper), a longer lever (because the short lever hurt our thumbs), and an
L-beam instead of a twisted piece of metal (because it was too complicated of a piece to be made
of a rigid metal).
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Figure 58: Existing Sauce Dispensing Mechanism in Use [12]

Figure 59: Existing Sauce Dispensing Mechanism Interior View [12]
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5.2.2

Differences between Proofs-of-Concept and Initial Prototype

There are several differences between the selected design from Section 4 and the Initial Prototype
design, as we discovered material and cost limitations, as well as unanticipated problems while
building. The biggest difference between the two designs is the ice cream dispensing mechanism.
In the design chosen in Section 4, this mechanism uses a paddle that moves along a snaking track
within a cubic container of ice cream. Scoops of ice cream roll off the edge of the container and
down a chute to dispense into the user’s bowl. At the end of the scooper’s path, the paddle lowers
to meet the top of the remaining ice cream. This is completely different from the Initial Prototype
design, as the ice cream dispensing mechanism is similar to a piston that squeezes the ice cream
into a funnel and compresses it into a spherical scooping mechanism with an attached trigger (Fig.
55). When the sphere rotates 180◦ , the trigger is engaged and dispenses the ice cream scoop. We
chose this design over the design from Section 4, as it is simpler to manufacture and use.
The sauce dispenser mechanism for the Initial Prototype is also different from the design chosen
in Section 4, which involved a leadscrew driving two walls toward each other that squeeze sauce out
of a bag. However, the Initial Prototype sauce dispenser is very similar to that used in all three of
the other design concepts in Section 4. In these design concepts, the sauce dispenser uses a plunger
mechanism. When the user engages the lever, the plunger pulls up, rather than pushes down. This
allows the sauce to flow out of the bottom of the dispenser and into the user’s bowl. This design
idea is straightforward to manufacture as well using a combination of a stainless steel nozzle and a
3-D printed funnel.
Finally, the topping dispensing mechanism for the Initial Prototype is very similar to the design
selected in Section 4. Since this is a simple concept and easy to manufacture, to save on time and
costs we purchased a pre-made food dispenser that closely mirrored our design [13]. During the
manufacturing process of the Initial Prototype, we determined that the linear layout of the topping
dispensers would be the best option for the final design, as it is the most efficient.
Our initial prototype is presented in Fig. 60 as follows:
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Figure 60: Initial Prototype of Ice Cream Sundae Making Machine

72

6

Working Prototypes
6.1

Overview

In this section, we will compare the materials and mechanisms used for the initial and final
prototypes. We will also describe how they performed during the initial and final prototype demonstrations.

6.2

Initial Prototype

We constructed the initial prototype with a variety of non-food-safe, affordable, and accessible
materials since we only needed to test the mechanisms of our design. The main structure of this
prototype consisted of plywood and plastic storage containers. We used a one foot long, six inch
diameter PVC pipe and a stainless steel funnel for the ice cream dispenser, half of a two liter soda
bottle with a stainless steel nozzle for the sauce dispenser, and store-bought cereal dispensers for
the dry toppings. These parts were held together with bolts, epoxy, and hot glue. The ice cream
plunger and scooper were 3D printed with PLA. The scooper, shown in Fig.62, included a 3D
printed ”trigger” mechanism that was held in place with a compression spring. The scooper sat on
a 3D printed support that was held up by three rods. During the initial prototype demonstration,
the ice cream dispenser, the sauce dispenser, and toppings dispensers all worked as expected. The
ice cream scooper, however, was unable to dispense the ice cream from the scoop mold.

Figure 61: Initial Prototype of Ice Cream Sundae Making Machine
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Figure 62: Initial Prototype of the Scooper

6.3

Final Prototype

For the final prototype, we made food-safety a priority. To achieve this goal, we purchased foodsafe acrylic tubes for the ice cream and sauce dispensers and kept the cereal dispensers for the
dry toppings. We 3D printed funnels that were then attached to the acrylic tubes, which could be
coated and sealed with food-safe epoxy. The main structure of this prototype consisted of metal
storage shelving units; this kept the structure food-safe and transparent so that the user could see
the inner mechanisms of the prototype. For the sauce dispenser, we attached a stainless steel nozzle
to the tip; this would allow for the option to wrap the nozzle in nichrome wire to heat up the sauce
– we did not test this, as this was not within scope of our project timeline. We slightly adjusted
the design of the sauce dispensing mechanism, shown in Fig. 64; this design excluded the spring
that was used in the initial prototype, and included a stainless steel rod. We screwed the rod into a
food-grade plug that would seal the sauce dispenser nozzle; this would allow the sauce to remain in
the dispenser when not in-use. A major design change we made to the final prototype was removing
the scooper and replacing it with a Sterno lid, as can be seen in Fig. 65. To extend the lever arm,
we laser-cut a piece of acrylic and attached it to the Sterno lid. This new design allows for the user
to simply move the cover to the side of the funnel opening to begin dispensing ice cream, and then
to cut off the flow once a sufficient amount of ice cream has been dispensed. For easy cleanup, we
laser-cut acrylic drip trays and placed them beneath each component of the machine.
Although we modeled the sauce funnel to perfectly match the taper on the plug, the sauce leaked
more than we anticipated during the demonstration. Overall, this device functioned well enough
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to dispense relatively equal amounts of sauce in each bowl. As before, the toppings dispenser
functioned as planned and dispensed equal amounts of each ice cream sundae ingredient in each
bowl. The ice cream dispenser was initially successful as it dispensed into the first bowl, but the
subsequent attempts were much more difficult. Perhaps the ice cream was too thick or it had formed
an air-tight seal inside of the tube, but it required a large amount of force to dispense. Eventually,
we were able to dispense equal amounts of ice cream into the bowl.

Figure 63: Final Prototype of Ice Cream
Sundae Machine (1/4)

Figure 64: Final Prototype of Ice Cream
Sundae Machine (2/4)
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Figure 65: Final Prototype of Ice Cream Sundae Machine (3/4)

Figure 66: Final Prototype of Ice Cream Sundae Machine (4/4)
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7

Design Refinement

In the next phase of this project, we explore design refinements to minimize stress and deflections
of critical components of our machine, to increase the safety of the machine, to facilitate the
manufacturing process, and to accommodate to users with a variety of impairments.

7.1

FEM Stress/Deflection Analysis

For our prototype we decided to run an FEM Stress and Deflection analysis on the Ice Cream
Dispenser and the Sauce dispenser since we knew both of these assemblies would face large stresses
and deflections during use. Altaire Inspire was used to run both stress and deflection analyses.
(NOTE: The background was not able to be changed to white for this program.)
1. Mesh, Loads, and Boundary Conditions
Ice Cream Dispenser:
This model consisted of 6 parts: the ice cream cylinder, scooper, ring support, and 3 supporting rods. To run an FEM stress and deflection analysis, a 3 mm mesh was applied to
the model in addition to fixed supports on the rods, ring, and the outside of the ice cream
cylinder. There was also a distributed load of 167 N placed on the inside of the scooper and
the ice cream cylinder. This distributed load mimicked the “real world” condition of a load
of ice cream being pushed down the cylinder toward the scooper. Gravity was also applied to
the model.

Figure 67: Ice Cream Dispenser with Various Loads and Boundary Conditions before FEM Stress and Deflection
Analysis Displayed in Altaire Inspire
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Sauce Dispenser:
This model consisted of 7 parts: the sauce dispenser cylinder, nozzle, mounting bracket, back
bracket, lever arm, stopper rod, and stopper. To run an FEM stress and deflection analysis,
a 3mm mesh was applied to the model in addition to fixed supports on the nozzle, mounting
bracket, back bracket, and the outside of the sauce cylinder. The connecting hole between
the lever and the mounting bracket was fixed with allowed rotation about the x-axis. A
distributed load of 100 N was applied to the inside of the sauce cylinder. This distributed
load mimicked the “real world” condition of a load of sauce inside the cylinder being pulled
down by gravity towards the stopper. A downward force of 80 N was placed on the end of the
lever to mimic the user pressing down the lever to dispense the sauce onto their ice cream.

Figure 68: Sauce Dispenser with Various Loads and Boundary Conditions before FEM Stress and Deflection Analysis
Displayed in Altaire Inspire
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2. von Mises Stress
Ice Cream Dispenser:
Figures 69 and 70 show the von Mises stress analysis of the ice cream dispenser. The maximum
von Mises stress was found to be 1.320 MPa.

Figure 69: von Mises Stress Analysis of the Ice Cream Dispenser (1/2)
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Figure 70: von Mises Stress Analysis of the Ice Cream Dispenser (2/2)
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Sauce Dispenser:
Figure 71 shows the von Mises stress analysis of the sauce dispenser. The maximum von Mises
stress was found to be 33 MPa.

Figure 71: von Mises Stress Analysis of the Sauce Dispenser
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3. Deflection
Ice Cream Dispenser:
Figures 72 and 73 show the displacement analysis of the ice cream dispenser. A maximum
deflection was found to be 7.273 mm.

Figure 72: Displacement Analysis of the Ice Cream Dispenser (1/2)
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Figure 73: Displacement Analysis of the Ice Cream Dispenser (2/2)
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Sauce Dispenser:
Figure 74 shows the displacement analysis of the sauce dispenser. A maximum deflection was
found to be 0.19 mm.

Figure 74: Displacement Analysis of the Sauce Dispenser
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4. Interpreting the Results
Factor of Safety for these two models will be calculated using the following expression using
the von Mises static failure theory:
F.O.S. =

σyield
σworking

(8)

where σyield is the yield stress of the material used in model, and σworking is the stress that
was calculated from the FEM stress analysis. The table below shows the factor of safety for
the ice cream dispenser and the sauce dispenser. Both factor of safety values are over the
value of “1” and therefore no breaking will occur.
Table 4: Factor of Safety for Ice Cream & Sauce Dispensers

Dispenser
Ice Cream
Sauce

Material Yield Stress
45 M P a
45 M P a

Working Stress
1.320 M P a
33.00 M P a

Factor of Safety
34.10
1.40

Deflection: How much is too much? The maximum displacement for the sauce dispenser
was 19 mm, and the maximum displacement for the ice cream dispenser was 7.3 mm. The
displacement that occurs on the lever is due to the rotation about the fixed point between
the lever and the mounting bracket. This displacement allows the user to lift the stopper and
dispense the sauce; this is an action we would like to happen for our mechanism. However, the
displacement that occurs on the rods of the ice cream dispenser is not supposed to happen; this
displacement would cause the ice cream assembly to collapse and cause a significant problem.
Since the rods undergo significant deflection in this design, we decided to change the way the
apparatus is supported in the final design.
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7.2

Design for Safety

Since users of varying ages and heights will be interfacing with this machine, they might use it differently. To design the machine to be user-friendly for as many people as possible, we brainstormed
what could go wrong with the machine and made design refinements to consider safety.
7.2.1

Risk #1: Pinching
Description: A user is liable to pinch his/her/their fingers or hand if he/she/they reaches
into and interferes with the ice cream dispensing mechanism. Springs and moving stainless
steel parts fit together, and as the parts slide out of and snap into position, a fingertip or
the web between the fingers could be pinched. Similarly, if a user reaches into the sauce
dispensing mechanism while operating it, getting caught in the spring or sliding levers is a
risk. While turning the knob to release the toppings, the user’s hand could potentially get
caught in between the cylinder containing the toppings and the knob to dispense them.
Severity: This is a marginal risk because while it could cause harm to the user, the injury
would be minor and would heal quickly.
Probability: The probability of a user being pinched while interfacing with the machine is
seldom, because the user would have to reach into the machine in places that are not intuitive
for machine operation.
Mitigating Steps: To minimize the risk of a user interfacing directly with the ice cream
dispensing mechanism, a shield could be placed on the front facing panel of the machine,
blocking a user from reaching into the machine. This preventative panel could be removed
to assemble and disassemble the machine, but would protect users during machine operation.
To mitigate the risk of being pinched by the sauce dispenser, we can make the opening of
the sauce dispenser narrow, so it would be counterintuitive to reach in. We could also add a
sign to the machine, warning users not to reach inside. Furthermore, a cap could be placed
on top of the sauce cylinder, such that it is removable only when the sauce is being refilled
by a trained operator. Lastly, to mitigate the risk of pinching while operating the toppings
dispenser, the knob can be offset by at least the width of a hand from the face of the toppings
container, so hands are less likely to get stuck.

7.2.2

Risk #2: Cutting
Description: If any sharp edges are exposed, cutting is a risk. In the ice cream dispensing
section of the machine, the wire frame that supports the cylinder and scooper has sharp edges
due to holes in the frame that we cut to fit this mechanism. Additionally, the threaded rod
used to push the plunger down could cut a user if he/she/they run his/her/their hand along
the rod rather than pushing down on it. For the sauce dispensing part of the machine, a user
could be cut when pulling on the lever to raise the plug, since it is made of stainless steel. The
sauce dispenser could also cut the person reloading the machine if he/she/they reaches too
far into the machine and rubs against one of the brackets holding the machine components
in place. For the toppings, if a user reaches incorrectly and rubs up against the hole through
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which the toppings release, he/she/they could inadvertently be cut.
Severity: This is a marginal risk because unless the machine is greatly misused, any accidental cuts would be minor and easily treatable. The machine was designed to minimize the
number of sharp edges exposed, so if any cuts were to occur, they would be marginal.
Probability: Since the machine’s design limits the number of sharp edges, the probability of
a user being cut is unlikely.
Mitigating Steps: To minimize the risk of cutting in the ice cream compartment of the
machine, the exposed wire tips of the frame with the hole to support the cylinder and scooper
could be coated in hot glue to make them dull. Additionally, the tips could be bent toward
the bottom of the machine because a user is more likely to touch the top (exposed) part of
the wire frame than the bottom. Acrylic sheets can also cover the top of the wire frame so
that there are fewer places to stick fingers through. Since the walls and back of the wire frame
will be exposed and people could stick their fingers through, we will minimize the risk of
people reaching inside and cutting themselves by mounting the ice cream cylinder and sauce
dispenser in the middle of the frame, as far away from the sides as possible. To decrease the
risk of a user being cut by the metal parts of the sauce dispenser, all metal exposed edges will
be filed down so they are dull. Similarly, all exposed parts of the toppings dispenser will be
dull. Eliminating all sharp edges will minimize the risk of a user being cut while interfacing
with the machine.

7.2.3

Risk #3: Mold
Description: If any part of the ice cream sundae machine does not get cleaned or dried off
properly, moisture could collect on one or more of the components. If these components are
stored for a long time, mold could grow, rendering the product unusable.
Severity: Mold is a critical risk because if mold grows, the machine would become unsafe
and unusable.
Probability: The probability of mold growing on the machine is occasional, because if the
machine is hastily cleaned, the components become vulnerable to growing mold.
Mitigating Steps: To minimize the risk of mold, the machine will be easily disassemblable
so each component can be cleaned thoroughly before storage. Additionally, materials that
are easy to wash and dry quickly, such as plastic and metal, will be used so the machine
components are impervious to moisture. Anyone responsible for cleaning up the machine will
be informed of this risk as well, so extra care is taken to clean it thoroughly.

7.2.4

Risk #4: Tipping
Description: If a user reaches for the ice cream plunger and is not tall enough, he/she/they
might accidentally pull the plunger forward, which would cause the ice cream cylinder, and
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thus the rest of the machine, to tip over. Additionally, if the table upon which the machine
is placed is slanted, and the table is repeatedly bumped or someone inadvertently bumps the
machine, it could tip over, possibly injuring someone or breaking the machine.
Severity: If the machine tips over and breaks, or injures somebody in the process of tipping,
the results would be catastrophic.
Probability: Since the machine is relatively large and would fit on at least two tables in
Lopata Gallery, it will be relatively stable, so the probability of tipping occurring is unlikely.
Mitigating Steps: To reduce the risk of tipping, the plunger could be designed for users
varying in height, specifically considering shorter, college-age users. A short child using the
machine would most likely be accompanied by an adult that can help reach the plunger. To
mitigate the risk of the whole device tipping because it is on a slanted table or is bumped,
rubber pads could be placed on the bottom of the machine to create friction between the
machine and table, hindering slipping.

7.2.5

Risk #5: Spilling
Description: The ice cream, sauce, and toppings components of the machine are all at risk
of spilling. The ice cream can spill out of the machine when it is being reloaded. It will also
spill out of the scooper because there is not a perfect seal between the scooper and the ice
cream cylinder. The sauce can spill over the edges of its cylinder if it is not poured accurately.
It might also drip out of the bottom of the funnel in the time between users because sauce
will still be in the tip of the nozzle. Toppings can spill out if not loaded properly, or if a user
does not align the bowl precisely below the toppings dispenser. Moreover, if the knob on the
dispenser is turned by a curious child when there is no bowl, toppings will spill.
Severity: If food spills out of the machine, it will likely be an amount that is manageable to
clean quickly. Since there is a concern that a user could slip on spilled food, the severity of
spilling is marginal.
Probability: Since this machine was not designed to perfectly seal each component and the
user controls the amount of food dispensed, the probability of spilling is frequent.
Mitigating Steps: Drip trays will be placed underneath each dispensing component of the
machine to catch spillover. The machine is intended for use in Lopata Gallery, which has tile
floors. If any food spills outside the boundary of the machine and winds up on the floor, it
can be easily mopped up or swept clean.
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7.3

Ranking the Risks

The following heat map in Fig. 75 is a visual representation of how important each of the five
risks identified above are to consider in our design. The red color represents the highest priority,
while the green color represents the lowest priority.

Figure 75: Heat Map Visually Ranking the Importance of Each Risk

Since mold is both a critical risk and can occur occasionally, the heat map listed this as a
primary risk. Thus, when designing our final prototype, making the components food safe and easy
to clean is a major priority. According to the heat map, another primary risk to give attention to
is spilling, since it has a frequent likelihood. Since this risk is marginal, it will be simple to control
by incorporating drip trays into the final design. Although tipping would be catastrophic, since it
is unlikely, the heat map prioritizes tipping as a secondary risk for which to control. Since minor
pinches and cuts are of marginal severity, the heat map gives these risks a lower priority. Pinching
can seldom occur and cutting is unlikely because of the design, so additional measures to further
minimize these risks is of low importance.
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7.4

Design for Manufacturing

All machines must be manufactured, so determining the best manufacturing process and designing
the components of a machine such that they can be easily manufactured in the chosen manufacturing
process is crucial. When manufacturing parts using injection molding, drafts must be used on regions
of a part that would normally be parallel to the mold in which they are created. Therefore, we
decided to add drafts to a component of our machine to determine if injection molding could be
a viable manufacturing option. We elected to include a draft on the ice cream dispenser; since
it consists mainly of vertical walls, it would be an ideal candidate to manufacture using injection
molding. The original part and the updated part after adding a draft can be seen in Fig. 76 below.

Figure 76: Ice Cream Dispenser Before Draft and After Draft

For ease of manufacturing a 3◦ draft was adding on the inside and outside of the top cylinder,
and spout portion of the ice cream dispenser. This made the part slightly thicker, however, since
the draft is a small angle, the wall thickness is relatively consistent throughout the part. If this
part were to be injection molded for mass production, we would decrease the wall thickness of the
part and/or decrease the draft angle to conserve material and cost.
To determine the best manufacturing process for our scooper, we used the SolidWorks DFMXpress
Analysis tool for both the injection molding scenario and explored the part’s response to turning
with a mill/drill. The results of the analyses for these two manufacturing processes can be seen in
Fig. 77 and 78 below.
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Figure 77: DFM Analysis of Scooper for Injection Molding

As indicated by the error messages in Fig. 77, the injection molding process was very ineffective for
manufacturing the scooper. The part passed none of the rules for this process (0 out of 2), according
to SolidWorks’ DFMXpress tool. This was because the part did not pass any of SolidWorks’
minimum or maximum wall thickness rules. The scooper has many complex geometries, so this
result is reasonable.
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Figure 78: DFM Analysis of Scooper for Turn with Mill/Drill Process

Our scooper performed much better in the Turn with Mill/Drill manufacturing process, successfully passing 10 of the 12 rules. The biggest conflict was that our part had a deep, narrow slot,
which is typically challenging to manufacture with this particular process. The other two issues
were for the holes in the scooper trigger seat/slot, whose diameters were not standard. This means
that for this manufacturing process, a special drill bit would need to be purchased to drill these
holes.
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7.5

Design for Usability

Our ice cream sundae machine is designed to be used for events where dozens of people may be
using it in a short period of time. People with a variety of impairments are likely to be at these
events. For this reason, we explore in this section how a few of the most common impairments may
influence the usability of this machine. Based on these analyses, we describe ways that we could
adjust the design of our machine to accommodate a larger population.
1. Vision impairment, such as red-green color blindness or presbyopia, would have minimal
influence on the usability of our ice cream sundae machine. Our design does not require the
user to accurately see the colors of the machine in order to properly use it. We have 3-D
printed all of our parts in gray PLA (all of which are coated in food safe epoxy to make the
parts food grade), and the remainder of the machine uses stainless steel, clear acrylic sheets,
and white wire grid storage cubes. The colors of these materials do not inform the user of
how to operate the machine. For people who struggle to see up-close objects, the machine
should still be fairly intuitive to use as long as they are able to locate the large ice cream
scooper crank and scooper trigger lever, the large sauce dispenser lever, and the fairly large
toppings dispenser knob. The two main difficulties people with this type of visual impairment
may face while operating this machine are as follows:
(a) For our final prototype design, we decided to use cubical wire grid storage units as
the backbone structure of our machine. Because of this, there are walls in between each
component of the machine. Blurry vision may make it difficult to navigate these barriers.
(b) To remove the ice cream from the scooper, the user must press down on a “trigger”
(thin lever arm) once the scooper is perfectly upside-down. Without a clear vision of the
machine, this might be frustrating process.
To facilitate the processes of moving the bowl between components and pressing down on
the ice cream scooper trigger, we would need to make a few design changes. First, we could
change the structure of the machine to something that would not create barriers between the
components (such as a treated wood backboard). To make the scooper trigger mechanism
more intuitive, we could adjust the design to make it more obvious when the scooper is
upside-down.
2. Hearing impairment, such as presbycutia, will not have much of an influence on the usability
of our machine. The user does not need to hear any noises that our machine may produce in
order to use it correctly. As the user turns the crank to rotate the ice cream scooper, they
only need to see when the scooper is in it its upside-down position. Once it is in this position,
the user must pull on the scooper trigger’s lever arm to release the ice cream into the bowl.
This only requires the person to see where the trigger is and to be able to pull down on the
trigger. Even if problems occur during this process that result in a loud noise due to friction
or other factors, the user should be able to recognize the issue without hearing it. This same
reasoning applies to the sauce dispenser and the toppings dispenser. The user only needs to
see where to place the bowl underneath each component and to be able to physically operate
each component (by pulling down on a lever and turning a knob). To ensure that this machine
does not cause any disadvantage for users with a hearing impairment, we would need to fix any
kinks in the design that may create noises when parts interact with one another incorrectly, as
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these noises would be one indication of a malfunction that people with a hearing impairment
would not be able to pick up on.
3. Physical impairment, such as arthritis, muscle weakness, or limb immobilization, may have a
significant influence on the usability of this machine. Every function of this machine requires
the user to physically handle a mechanism or to move an object. Users must be able to place
their bowl beneath each component (the ice cream dispenser, the sauce dispenser, and the
toppings dispenser), manually turn a crank and press on the scooper trigger to release ice
cream into the bowl, pull down on a tall lever arm to dispense the sauce, and rotate a small
knob on the toppings dispenser. These actions do not require too much strength, so people
with minor muscle weakness should still be able to operate this machine with ease. This
machine would be more difficult to use for people who have arthritis or wear prosthetic upper
limbs. Those types of physical impairments limit people’s ability to perform fine motor skills,
which are important for operating this machine. To accommodate our design for people with
physical impairments, we would need to make the machine more automated. For example, we
could implement a touch screen that allows the users to choose their ice cream sundae options.
We could then set up the machine to follow those orders automatically, rather than requiring
the user to perform them manually. This design refinement would be out of the scope of this
semester project, but it could be implemented in a future version of the machine.
4. Control impairment, such as those caused by distraction, excessive fatigue, or medication
side effects, would have a minimal effect on the usability of this machine. The mechanisms
the user needs to operate are fairly large and intuitive. The user is not required to lift heavy
weights, and each mechanism requires a simple motion, like turning a crank or pulling down
on a lever. Although people who are experiencing excessive fatigue or medication side effects
are likely to operate the machine inefficiently, they should still be able to use it. People
who are easily distracted should still be able to use the machine effectively because of how
simple and intuitive each component is. The most complex part of the machine is the ice
cream scooping mechanism, so this would likely be the most difficult function someone with a
control impairment would come across. Although turning the crank is an easy task, the user
would still need to press on the trigger once the scooper is facing upside-down. To make this
task simpler, we could redesign this part of the machine to make the scooping mechanism
simpler for the user to operate. For instance, we could design this part to make a disk slice
off the ice cream with one simple push of a lever. This design modification would eliminate
the need for the user to operate two separate mechanisms for the ice cream component, and
the user would not need to know when the scooper is facing perfectly upside-down. This
simplification would allow a person with a control impairment to think less while handling
the ice cream sundae machine.
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8

Discussion
8.1

Project Development and Evolution

Does the final project result align with its initial project description?
– Yes! The initial goal of this project was to design an ice cream dispenser for engineering
student services and that is exactly what we did.
Was the project more or less difficult than expected?
– The project was both more time consuming than expected and more difficult than expected.
The manufacturing process of this prototype was underestimated for the time frame that
we had to work with and if given more time, we would be interested in making additional
adjustments to the final prototype. We also made major assumptions in our mathematical
model and those assumptions were hard to overcome experimentally.
On which part(s) of the design process should your group have spent more time? Which parts
required less time?
– We should have spent more time studying the material properties of ice cream and implementing some fluid mechanics into the design of our ice cream dispenser. We had an enormous
amount of hydrostatic pressure inside the ice cream dispenser piston-cylinder, and this prevented the ice cream from being dispensed properly.
Was there a component of the prototype that was significantly easier or harder to make/assemble
than expected?
– The syrup dispenser was one of the “simpler” machines in our prototype to manufacture,
however it took a lot of time and thought to design in CAD. Also, the ice cream scooper was
difficult to solve mathematically; this impacted a final design decision for our prototype and
we decided not to use the originally designed scooping mechanism.
In hindsight, was there another design concept that might have been more successful than the chosen
concept?
– For the ice cream dispensing mechanism, we used a Sterno lid mechanism instead of the
designed scooper mechanism, as it was much easier to manufacture and was a fool-proof
method for dispensing the ice cream. Therefore, we should have chosen this method to begin
with. A plunger design for the sauce dispenser would have been been easier to manufacture.
Also, including a cap on the end of the sauce dispenser nozzle would have helped stop the
sauce from undesired sauce leakage.

8.2

Design Resources

How did your group decide which codes and standards were most relevant? Did they influence your
design concepts?
– Even though this was not a design goal, a personal goal of ours was to make the prototype
food safe. This heavily influenced the design process and the manufacturing of our prototype
because all materials needed to abide by this standard.
Was your group missing any critical information when it generated and evaluated concepts?
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– Hydrostatic pressure created inside of the ice cream dispenser tube and the material properties
of ice cream and torsion in the originally designed ice cream scooper support mechanism.
Were there additional engineering analyses that could have helped guide your design?
– The mathematical model for the ice cream and syrup dispenser should have been more based
on the material properties of the ice cream and syrup. A fluid mechanics approach to these
components would have benefited our design.
If you were able to redo the course, what would you have done differently the second time around?
– Better planning, better communication of times to meet, and carving out more time to meet
in the beginning of the semester.
Given more time and money, what upgrades could be made to the working prototype?
– Use of food safe materials, injection molding, and casting.

8.3

Team Organization

Were team members’ skills complementary? Are there additional skills that would have benefited
this project?
– Our team did a really great job at lifting one another up in times of stress. We are friends
outside of the project and while working on the project. Even though this presented complications at times - this was one of the group’s strengths.
Does this design experience inspire your group to attempt other design projects? If so, what type of
projects?
– This project showed us some steps that are taken in the mechanical design process. This
project mainly looked at the machining aspect of the design process, which is one of the four
processes in mechanical manufacturing (casting, machining, joining, and deformation). We
would be interested in seeing how this project would benefit from the other processes. Casting,
which exploits the fluidity of a metal in liquid state as it takes shape and solidifies in a mold
[14], would be one way we could shape some of the components for the ice cream dispenser
and the syrup dispenser; this could be done with stainless steel to make the design food safe.
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